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54) OXIDE THERMOELECTRIC MATERIAL 

57)Abstract: 

'ROBLEM TO BE SOLVED: To provide an oxide 
hermoelectric material which enhances the thermoelectric 
onversion characteristic of Na0.5CoO2 and has a high 
utput. 

lOLUTION: This thermoelectric material is expressed by 
omposition formula Nax-yAyCo02+d [0.6<x<1.0. 0<y<0.28, - 
.4<d<0] and the main phase of its crystal structure is formed 
s an a phase (NaCo02) or a* phase (Na0.75 Co02) structure, 
he A atom described above is an atom of the ion diameter 
pproximate to that of Na or below the same and is at least 
ne among Ca, Mg, Li, K and Y. 



300 
250 

200 
ISO 
100 

sol 




I R 

V 
-ft. - 



100 200 $00 400 500 60S 

as. no 



EGAL STATUS 

)ate of request for examination] 

)ate of sending the examiner's decision of 
yection] 

Cind of final disposal of application other than 
ie examiner's decision of rejection or 
>plication converted registration] 
)ate of final disposal for application] 
'atent number] 



:p://www1 9.ipdLncipi,gojp/PA1 /result/detail/main/wAAA44a4i4DA41 4274943P1 .htm 



2005/01/07 



CUQH*MMF* (J P) (12) ^ ^fl It ^ m <A) 01)KitttB&R»* 

#812002-274943 
(P2002-274943A) 

(43)&8BB ¥fi&14^9 £25 B (2002.9.25) 



©DlntCL' WM& FI f-?3-r(##) 

C04B 35/495 C01G 51/00 A 4G0 3 0 

C0 1G 51/00 H0 1L 35/22 4G0 4 8 

H 0 1 L 35/22 35/34 

3 s / 34 C0 4B 35/00 J 



£aa*# mmo&z ol & i j© 



(21)ffifii## 


&K2001 -78029(P2001 -78029) 


m)taaA 


899000035 


(22) me a 








¥J«13# 3 /! 19 B (2001. 3. 19) 




S«lftflU#m«JlKS&»^lHS468S« 






(72)$89Nf 


/>» 








««J^&®mTlSffl*^20 -2 






(72)ffi9i# 


we a 








SMi^iU'&m^e KrS] ojht a 1 1 -30 - 








307 






(72)«^ 


fee m 








S«SMlIl#Tft*:aKA*UiffiB3TB 3 -22 






(74)ftgA 


100098729 








#s± a© fpn (^i«) 











(54) KWO«»] KfttftiRttttft} 



(57) (*]E*> 

Na 0 . 5.Co0 2 fl5|!4it^ttJ$f ) |z 

[fl?*=M9:] «§SSNa x - y AyCo02 + d [O. 
6<x£l.O, 0^y<O.28, -0.4<dg0] 
■C«*tt. -5-a>$Sfi,«|iga>±;ffl£ aft (NaCo0 2 ) 
« (Na o. 7 sCoO Z ) m&ttZI&m. 

a. Mg, Li, K. Y©'X4'<ttlSffe5„ 




100 



200 300 400 500 600 

(K) 



(2) 



f#gfl2 002-274943 



[fi!3?Sl] M/SsCN a x - y A y C o02 + d [0. 
6 < x ^ 1 . 0. 0Sy<0.28> -0.4<dg0] 
T?S$*t. -?-<0$S&«i£<Di:*B;!>< a £ fetter' *a«jgT- 

[HjfcJg2] SfJffiAH^te. *<D-(7t>¥&1><m$iN 
[IB#JS3] mIIEAll-¥-fi. Ca, Mg, Li, k, 

y <D<ptz < <t 1 1 a-efe*«*a 2 (cetta>iMtttift* 

*t*4o 

[%fH<z>&tBtti£H] 

[0O01] 
[0002] 

^au3&i>fc«)ic«aiicj:sa»4s^A<ji< , 
[0003J c<DttflF0>tt*&tt«iftraftii« -tf— ^ 

[0 0 0 4] ■G-'<yt% l mO)&m&.tLX. M 

*tM4>&i9i-r*afi«HHi*t LxfomTtzzttf-sitex- 
init$*tTii«. n*ftax?-a. c+i&wifiWJSr-tf— 

[0 0 0 5] B&Bt.Xffl4b$:|iTli«»«Kauit?- 
14. B i 2 T8 3 ^|!jf!9M»$tU CCMt* 

y, -^f>ss^-$ii-T^**i.fc r P ng^j 
[0006] c5Lfcf»T*S$a. comilb^-cB 



fc. -tOHb^5£l4N a o. 5 C o O 2 SiSift 

en?$t(i o o u v/Kti^ou^a— *v?%mt. & 
5 ooos am-* tvsmwmmt % *<d 
mn&mtft&toB i 2 t e 3^b^«s#*t*:a)-t*ii= 

[0 0 0 7] cft&S&S*m©5!ftSfc«mtti4, 

2= a 2 a //c ( i ) 

±IBCD (1) 3 1=. tx&m»Z£jg*>S 

fc*>f=l* % J: L 

TUJ*B^-P = a2 CT ^S«). ^ogfc£#i|S/<£/Jx<k< 

ro* # $ ffl-i a<f4H6fi» z a>* $ tzms-t -5 to. 
3 o/ <^ > — * — a) * -c t & t, fiSfc / > — * — x-& 

•So L^Lcti.e.ro/^^y— i4¥#«:(f icfcits* 

3fca>/\*> Ksna>i*isa-ei4, s^-tf— ^-v^GMBtisi^ 
#m*t^5«s-rsixa^wrscti4=F5it6-e. ^ 

[0 0 0 8] LA^LtCA^, CtllCRLtUKDN a 
O. 5Co02l4gLN4f-^-y<7^«,!:^«fl<j^SL>3| 

[0 0 0 9] 

[«BB^A<^L«fe5<t:-rS^SI] :*ibNa 0 .5Co 
0 2S»m»*4l4. tt»©*3«*«JB3;h,Tl*fcB i 2 

Jg»ZI4l?ffll^-r*(Dlc+«-/«f=t,0)i:l*m?Lr. SI- 
Bt^14«Efi»z. o^ytt.fcyiSt^ai^B^P^t)^ 

[OO 1 O] J: or, **^14JiiaLfcFpHli^lc^S L 

r * *tfc * cdt% .fc y xt^ttttlllk z y i4«t y is 
awi Lrt^So 

[00 1 1 ] 

fctoic *«eBo>^b«53aa»»i4. ia^scNa x -y 

A y Co0 2 + d [0.6<x^1.0. 0^y<0.2 
8, -0.4<d<0] XmZfr. ^®S«jgto±ffl 
*<or*fcl4a' *S«it-efeSCi:$^i:L'CL>-?>. C 
OftmiZ <fc^l4. «E3tE(DNao.5Co02 8SS*r«® 

So 

[oo 1 2] *m®a>Mitmmw&mit* smbah^ 

I4, ^©-f ^>¥g*<StFEN aOW ^->*g»CifiL^g 



1 



(3) 



$#1^2 002-274943 



tt><X>2& 0 

[oo i 3] *&wo>Mitvamn*mii. uibaik?. 

It Ca, M g> Li, K, YCD*J>/«f < <fc 1 
C£A<#f:H.\ 0 wCD«fc5J--rHtf. Cti&^JcSI*. 
■tCD-f * N a JST-O-T Jj" jft < N a Igt^- 

iWg&A^BT-fc Settle, ^e^lct y Jt^fl*)^: 

# <t & *h^- p <Disi± £ m%> z t t<v -g>„ 

[0 0 14] 

[OO 1 5] ffiffl-TSJl^i LTte. Na#|&3S<!:LT 
Na 2 0 2 l9*^fflU 3/^Uh«l&3ii:LTI*Co 
3 0 4 t»^^fi6fflLf=. Cttf>N a 2 0 2 t83fc<fcCo 3 

-efc^ig^lZlix =0. 7 O, f#fcL^Sfl}itia3b<a' 
ffl-rfe-6«^lcttx = o. 9 5. #fcl^$SS«fi*Sa<a 
*ST?&&i#^l::li x = 1 . 2 5 -plZfPSLfc 

. -So ft. MflJT'n-b^-e. N afi^CD— $PA<3ifgLT 
fettle. £j£$<»Mfi£teJI;m§j£i: f^-lcfc* 1 
l*©t>fclN 0 Lj^L. r«0)iSajSl4N a o. 
61~0.74CoO2> or* *gO>i!fiJj!cliN a o. 7 5 C 
o0 2 . artfOJfiJigliN a o. 9 0-~ 1 . O C o O 2 . * 
Z>lZ0mo>mm&t4 ao. 5 5~0. 60CeO2ffe4: 
<tA<:£$K (C. Fouassier et al., J. Solid State Chem. 6 
(1973)532) iznUtlXL^OV. C C TMiffilgWIC. 
rffi<D^iJiEl*Na o.7Co0 2 . a' *8<D!8ij£li N a 
O.75C0O2. f**80)il8J?£l*N a C0O2. ££>C: 
^<e<Djfifi£l*N ao. 6Co0 2 i:SIB-rSC:tlc-rSo 
[OO 1 6] ft. *Sglfc0iJ-CI;J:. IfitLtNa 2 0 2 
C o 3 O 4»S i $ffll\Tl^4A<, Na202$ 

isaiv 

[00 1 7] mt&m&izxi£i-itz*itzm£to 

r4s<Dii^i*8oo o c-ei 2&m. anamsit 
5oo°ct-i 2mn. *9LfpT'titm&m£nmLtz&. 

busmbjisssbs Ltziktzmmfctoz Lxmm&mz 

[00 1 8] Ctif>t»»$*lf=^^liil^lCc»:yja« 

a>*9— ffc£itof=&. rfi©a&i*8 5 0t-ei2K 



Pal. Of ffiOli^ I* 5 0 0^17 1 2B#Rfl. 61 fifcfll 

l^iJSL, a' }Sa>Jt^l*6 O 0«tT? 1 2B$fi3. Sfft 

[0019] ztm,*nmmizxft2kztiz>mit®>f&n 

fiflffiSNa x Co0 2 l:« t C. Fouassier et al.. 
J. Sol id State Chem. 6(1973)532. IZT**4xTt^«fc r> 

tf. af«iigtia>3a3ga)«3Sffi*<#«-r4c:t7!»^$*t 

Tfcy. C*l.&£-$Sg<ijgli. @5. 16, 07 ($m 

mntt^m izm-r^oiz, &m&izt$if&mti.s&#o> 

8ft3/\%H (Co0 2 IlJte^-) (0»i:Na^t>S 
l+&x<DfiSl£. rtSiUBtfO. 6<x<0. 7 5. a' 

«§&*§*<o. 75. am&ftito. 9Sx^i. o-e& 
£-£x.£cdt?. @9~igi iic^-r*5ic. =&JBS«jg 
f^SSt L fcit*4<D X $g|s]$rS$5? 5 USS L X tiM? •& C fc iz 

areijtfflii, ft&mzmmiN aw&mx-&$>tf^ tern® 
vitxmmzis.i^mztji'oxi^t^fmx^o 

[0 0 2 0] w*l^,#^S«jg<DIS*4lc-DL>r. 
Kfc It * * SiHS L fc^m £SI 2&tflcBI 

«jt«lCtfc^LT. ^JS^JlCt:^SiLfcNao.75C 

— ^v^m^mLxi^zt^m^tttiz, &3iz 

^tNaCo0 2 ®Q;«ilffloeSi!(^, a«itffll*. 
^ffl;gJSHl§E t * it® WiSia«|iaic & t^T ^aicSt> 

«itffi^fe€.5fl|jt«(cotxTli. ±SSfiSJlEICfctxT 
[002 1] C*vP>-tf— «-y^«»o;^34SUTl.x€>S 

s^aagsto^tt-efcy. fts^rvyTaaAM o 

fc„ Na x Co0 2 l*. C+l<fcy-ffiANt,=«f^^t^ 

mmX-&&t£tlXl*&. Na x Co02t'lt x (Dli 
ftlt t tic** y TfSiO^ — u < of:© 

« : f-A<a2ticsaiir-#^< ^y*3tiK«A<ii^Lr 

[0 0 2 2] ^. *f?JS«lT?l*8irai(DJ;5l-. 



(4) 



4#Bfl2 002-274943 



& viz a & &mit r?&v z •& t o-e fctn*ttjn-r 
coo2 3] mt&Ltz&mmisnttmzti^x 

It. Na x Co0 2 l:oivxH!|LTC^)!i < , *S6SHIi 
C+LlcKS$4x-StO)-ei*tc< . m4(Z7r;-?£o(z^ c 
*lt>N a<D— gP£tea>7C§g, GflS.lS^UUv'pA (Ca) 

*t t> N a <Z>— S|J £ tii<D7tmiZ TS^t & <fc 5 1- L T t & 
IK 

[0 0 2 4] C*l£>N a<Z>-g|5fi&£|y£-r£i§^<Z>5E 
ffcirLTIi. S?Fi$<7>*^vOA (Ca) J^IC, 
fc^T^N a<D£5£JI*14£^£*a^lSI£JJH>-&:: 

*ju->^a (Ca) ic|®^$ti^)ta)-eii^<, C4tt> 

LMi7~ h 'J ^AOM ^">^S<k U t'J x £&-f 

atrlSA^v'pA (Ca) JiAHICMg, Li, K. YfA< 
#J*£*U C*if,#7c*om«:^tL<l*2afel±^;l 

[0 0 2 5] -mtz. Z\tLt*N a(D— SHS.m&t LTI*. 

c+tf>S^SA<^:^<^y o. i 4<fcfc$£ > 

-Cfcti*lB^-P>W£< fcoTLfav y = 0.2UH 

A<7)S^a y I*. 0 ~ 0 . 2 8 ©tcffl t -rfttf&lV 
ft. WIB^^v^AICfc*^- h'JOAg&fii LTI4, 
C*tt>a&7c^<t LT^ISIWJ; 3l-*Jl'V"7A£ffl 

mttastttiz. n&T-a&mi&TZWz.zti&zt 

A^»*LLV*< % C*i£>B&Sj!><y =0. 2 8W±|C$ 

*Ci^t>, C*l€>7- h 'J ACDB&fi y I*.. 0~0. 

[0026] f-fc, a/^H:»tst h'J^AtDtt* 
xtLTIi. CtttfO. 6JilT<Di§^l-l*, C03O4 
aiXi8«JS«*<eS«»>IC^|$^i LtlA LT-tf — *< "j 

*><1 . 0<fcy Na 4 Co0 4 ^ 



JjZI&TZitXL&oZtfrb. filial- h'JOA0tt$ 
xiLTIi. 0.6<x^1.0tf4Cii«j(fIi^ 

So 

[OO 2 7] E*fc&*-e Cottar 2+. 3+. 

4 + i:l>ofc®380>iffi§a £<h&A<. Na x Co0 2 &<b 
&=Pfte. 3+t 4+flJCo-f *>&*7ls?£>\Z#1fiLX 

£: LTI*3. 0fr&3. 4-C&&,, Z\tcC> C oiDfiffijaii. 
H<Ff2Na (-HI) £Ca (~ffi) T?a&Lfcy, C o IZ 

srrs n a <Da^ii-v>-r c t xmMtznm.Tz> c t 

, C*X.t» C o(DjI3&n £ n = 3. 0 iCifi-^ff-S i: 

*gO>N a o. 7Co02T?l*n = 3. 2 5~3. 4X& 

a' tHitlBtDN a o. 7 5 C o O 2 t?l*n =3. 2 5 
■efey. Qr<tjtffi0)NaCoO2'CI4n = 3. 0~3. 1 

o-c?a&a 0 

[0 0 2 8] jy±IC^-r«fc-5C fflJjgaN a x -y A y 
Co02 + d [0.6 <x Sl.O, 0 ^ y <0.28 

, -o.4<d so] -es*^*^b«!if!fta»^<Dsa 

r ««it<o $><D\ztt$£L Tft\zmm%mi&mv& -siss 
«JUicfcit^,ai^H^-p$(6)_h-c-^. «fcy^ffli4ro®i^ 

Bib****** £« « = i: A< rT«6 t U $> . 
[0 0 2 9] 

( a ) 1 OfgB^(cJ:*vl4. fi£3f5<CN a o. 5 C o 

0 2f»m#*4T-&£rffl#£ffl<Di<Dlcit8{LT, 

7c^©iSa^t>-a-e & o r t <fc y Bi^tu tis^F p &mz> 
[0030] (b) ffi*mzo>&fmiz&Hi2. MIBAH 

[003 1] (c) I*^«30«IISlC«fc*ilf. 

n ais^ioa^gs^-e&^tttic, sa^>cj:y 
tfcStM*: * <f tb * p © |S|-h 5 c t *<-c ^ ^ „ 
[B(B0)ffi««:KW] 

[01] *«W0)Sllfi»a6lc*JltSit<bteJ»a«»<D^ 
JfcXg ^ ^"T 7 P — 12 T- $> -5. 
[@2] (r) iyt (a' ) SSS^jtcD-tf-^-v^fil 

^iws^^^-ry^ 7i?fc§„ 

[@3] (or) eSSJt«>-tf—<-y^^»C0a3S^£ 
[@4] N aCD-gPCaa&^HJfiLfcKiroai^JH^P 

[0 5] «e3fia)B$<t«3lftm«<SfCfeS (r) Na 
0. 7 0 C o O 2<D^Sig^*tiT*feS. 

[@6] *!8^aJiHb«3lfia««Tf&S (a' ) Na 
0. 7 5CoO 2 O>^B%Sl3i$*:-r0T?i&'So 



(5) 



002-274943 



[0 7] *§£BJUDWtitMmmttnV&& (<*) NaCo 

ess] t<Di&a)mit^mmnm<j>simyjm^rya 
-0-c&6„ 

[09] QfigJI&itA^vSa. U— ->a >Lf-Xig[!m 
V— h«t N a C o O 2<OX^ta^v— h$^-T0T? 

ifc&o 



[010] or' 5 aU-: > 3 >LfcX*g 

0Sr^-V— hiN ao. 7 5Co0 2 ©.X®|115rf + -h 
^^-r0T736-5 o 

[01 1] rSSIilfr&i/Sal/-: >3>LfcX®HJ 
Sf^-V— KtN ao. 7Co0 2 «>X$g(H]Sf^^— 
■T0-C&.S. 

[»#(0U4^] 



[01] 



[02] 



200 



: * -1.25 
: x=0. &5 
: x=0.70 



300 
250 

200 
150 
100 
50 (- 
0 





ft/* | 




r 


[ ft 


* 1 




r 


[ a* 










I ] 






I * 


* 1 


i 




| K 


» 1 



0 1 2BH 

ttM&4>6O0 a Cx 1 



•itt<t>6 0 0txl 2MB 

***e5 0X* i z ft« 



[13] 




«1 

o 



100 200 300 400 500 600 

(K) 



i i i i 




[H4] 



I 3 



33 



T 



Waai-fCa.CoOM 



Y=0 



Y=0.07 




J- 



100 200 



300 400 500 

a s do 



600 700 800 



(6) 



^12 002-274943 



[05] 
(r) Naa7CoCte©<e6*iS 



[06] 

Naa75Co02 (or* ) 0>mmmm 




[07] 
NaCoQzCor) (D«a«it 



CoOmelwork 



Na 



CoOmetwork 



Na 



CoChnetwork 




GoOnetworh 



CoOmetwork 




CoO*network 



CoO&ietwork 



CoOmetwork 



CoOmetwork 



[08] 

, . , .—t&mit 4 

l tt *| [ (CH»C0O)Wa |[(CH»C00)2Ca>H»D|[ COfaC0Q)*Cto ) 



I 



1 



I 



[ 



| yfl*gfintt*MS C3 5Q C C)| 













1 * 


» i 



^ft4>BOOtx 1 2BfrfiB 



(7) 



tfga 2002-274943 



[19] 



1 O] 



N a C o O 2 afijg 



NaareCoOs a' 





— i — r t — 

S ~ 

o 

1.1 


| N«CoOs am& 

'>5aU — ^ 3 > 

ill.' 


1 , lit II II III 


' r— 1 »— 


1 1 

NaCoOtfta 

. .... i L : 


1 — ■ « . 1 _JL 1 



10 20 30 40 50 60 70 
20(degJ 

[in] 



I 



10 



8 



§ 



» 4 I I I 1 .« ' * 1 . * ■ w 

I 1 — ' 



NiqtsCoOi 

mm 



JUL 



20 30 40 50 60 70 
25(deg.) 



5 



i 



n«ol7Co02 rtfcfl 



► Mil • 



JUU 



N ft a 7C b 62 

sua 



JlIjlJ 



10 20 30 40 50 
20(deg.) 



60 70 



F$— 46030 
46048 



AA02 AA03 AA04 AA07 AA08 
AA12 AA28 BA01 BA21 
AA04 AA05 AB05 AC08 AD06 
AE05 



